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INTRODUCTION

BACKGROUND

1. The Kaiser Aerospace and Electrrnics Corporation of Palo Alto, California,
offered the United States Army Aviation Systems Command (AVSCOM) the
opportunity to cvaluate a stability augmentation system (SAS) manufactured by
the Socicte Francaise d'Equipements pour la Navigation Aerienne (SFENA) of
France. The SAS, called Ministab, was desigaed for installation in light helicopters.
The United States Army Aviation Enginecring Flight Activity (USAAEFA) was
subsequently directed by AVSCOM (ref 1, app A) to conduct an evaluation of
the Ministab SAS installed in an OH-58A helicopter. The Ministab SAS was installed
and maintaincd by Kaiscr personnel during the conduct of the test.

TEST OBJECTIVES

2.  The objectives of this test were as follows:

a. To quantitatively evaluate the handling qualitics of an OH-58A helicopter
incorporating the 3-axis SFENA Ministab SAS with respect to the instrument flight
requircments of military specilication MIL-H-8501A (ref 2, app A).

b. To compare flight test data between the SFENA Ministab SAS and the
Bell lelicopter Company (BHC) 3-axis stability and control augmentation system
(STAS) previously tested during the conduct of USAASTA Project No. 72-20
(ref 3, app A).

DESCRIPTION

3. The test  aircraft, an  OH-SBA light obscrvation  helicopter,  serial
number 68-16706, was manufactured by BUC. 1t has a single two-bladed, seminigid,
teetering main rotor and an antitorque tail rotor. The tail roter also has a delta-three
hinge. The cockpit provides side by side scating for a crew of two (pilot and
copilot/obscrver) and the cargo compartment has seats for two passengers. Dual
flight controls arc provided. The cyclic and collective controls are hydraulically
boosted and irreversible, while the directional controls on the standard ¢ sfiguration
OH-58A uare unboosted. The landing gear consists of fixed skids. The iclicopter
is powered by an Allison T63-A-700 frec gas turbine engine with a takeoff power
rating of 317 shaft horscpower (shp) at sca-level, standard-day uninstalled
conditions. The main transmission has a rating of 270 shp for continuous operation,
with g takeoff power limit of 317 shp (S-minute rating). A detailed description
ol the standard OH-58A may be found in the operator's manual (ref 4, app A).
The test aircralt was modified with hydraulically boosted directional controls and
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a Ministab 3-axis SAS. The stanaard force trim system was replaced with a force
trim <ystem incorporating control motion transducers and increased force gradients
(cyclic control only). A cockpit controi panel allowed selection of directional SAS,
cyclic SAS (pitch and roll), or simultaneous operation of both. Pitch and roll
channels could not be selected independently. A detailed description of Ministab
is given in appendix B.

TEST_SCOPE

4. The handling qualities of the OH-58A helicopter equipped with Ministab were
evaluated by USAAEFA personnel at Edwards Air Force Base, California, from
20 July through 24 August 1974, Eleven test flights for a total of 11.2 productive
hours were flown. Flight limitations contained in the operator's manual and the
safcty-of-flight release (ref 6, app A) were observed during the testing. Test
conditions arc shown in table 1. Although the basic O11-58A was not designed
for instrument flight, the aircraft with Ministab installed was tested for compliance
with the instrument flight requirements of MIL-H-8501 A. Additionally, test results
were compared with the test results obtained during the conduct of 'ISAASTA
Project No. 72-20, landling Qualities Evaluation of the OH-58A lelicopter
Incorporating the Model 570B Three-Axis Stability and Control Augmentation
Sy-*em. Precise comparison between the Ministab and the BHC SCAS was not
P ole because the greater weight of the instrumentation package for the Ministab
evalnation caused a forward center-of-gravity (cg) condition. In addition, the high
density altitudes of the test site during testing required operating the test aircraft
with a reduced fuel load, which moved the cg further forward.

TEST METHODOLOGY

5. [Established flight test techniques and data reduction procedures were used
for the handling qualities testing (ref 7, app A). All tests were condusted under
nonturbulent atimospheric conditions to preclude uncontrolled disturbaices from
mfluencaing test data. A detaled description of test instrumentation 13 contained
in appendix C. Pilot comments were used to aid in the analysis of dat.. and to
determine the overall qualitative assessment of the flying qualities of the OH-58A
helicopter with Ministab installed. Performance of the Ministab and the BHC 3-axis
systems was also qualitatively compared by the project pilot, who had prior flight
expericnee with the BHC 3-axis SCAS. Tzst techniques and data analysis methods
are described briefly in appendix D, which also includes the Handling Qualities
Rating Scale (HQRS) used to augment pilot qualitative comments.
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Table 1. Test Conditions.®

Calibrated
Gross Density Trim
Type of Test weightz Altitude? 2 Flight Mode
(1b) (ft) Airspeed
(kt)
Control positions
in triomed 2800 5800 25 to 105 Level flighe® * *
level flight
2 ) )
Static lengicudinal - 50 Level flight®, climb”, autorotation
stability 2800 850 LI |
90 Level flight
Static
lateral-directional 2800 6800 90 Level flight’ ®
stability
Maneuvering % LI
stability 2800 6800 90 Level flight
Dynamic stability
Long-period Level flighe® ¢
2800 6800 85
Short-period Level flight’® * 3
2900 Zero OGE? hover®’ * %
Controllability 2800 F
6800 90 Level flight’ * §
Autorotational entry | 2800 6800 8s Level flight’
6800 Level flight® ?
Mission maneuver 2800 ero to 90
2900 1CE” hover’ ?
j 3
Ministab system 2800 2900 leré 0GE hover
fatlores 6800 95 Level flight’

'All flighte were flown at a farwvard cg (107.6 i{nches).

Alm values.

"Ministab ON.

*Ministab OFF.

*Ministab ON (force trim OFF).
‘Mingstab ON (cyelie OFF).
TOGE: Out of ground effect.
ICE: ir ground effect.
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? RESULTS AND DISCUSSION

GENERAL

i

6. A handling qualitics evaluation was conducted to determine the effects on
handling qualities of the OH-58A helicopter with Minstab installed. The evaluation
revealed significant improvements in the handling qualities as compared to a basic
OH-S8A helicopter. The most enhancing characteristics provided by Ministab were
(1) improved dynamic lateral-directional stability, (2) improved IGE hover
characteristics, (3) constant heading capabiiity during £ 10 psi power changes while
hovering, (4) improved directional stability during pop-up and bob-up mancuvers,
and (5) improved handling qualities during terrain-foliowing. Thrae shortcomings
were noted: (1) excessive directional oscillations during stabilized left sideward
flight with Ministab ON at 20 knots true airspced (KTAS), (2) high roll rate and
pitch coupling following a Ministab roll axis hardover, and (3) insufficient aft
longitudinal control resulting from a forward hardover in rearward flight. The
evaluation was of limited scope and the above observations are accordingly limited.
A qualitative comparison between Ministab and the BHC 3-axis SCAS indicated
improved stability during mancuvering flight, although a decrease in controllability
with Ministab installed was noted. The attitude retention capability incorporated
by Ministab, and not available with the BHC SCAS, was qualitatively assessed during
precision flight and a decrease in pilot workload was observed.

i

W
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HANDLING QUALITIES

Control Positions in Trimmed Forward Flight

P TR YT

7. Control positions in trimmed forward flight were dete mined under the
conditions shown in table 1. The tests were conducted with the helicopter trimmed
in steady-heading coordinated level flight in 10-knot increments from 24 knots
calibrated airspecd (KCAS) to the maximum airspeed for level Nlight of 104 KCAS.
b Figure |, appendix E, presenis the results of this test for Ministab ON (foree trim
F ON and OFF) and Ministab OFF flight conditions. Spot checks with Ministab OFF
indicate that the control requirements for the basic OH-S8A remained essentially
unchanged by Ministab operations. As airspeed was increased, incrcased forward
control was required for all conditions tested. The control position characteristics
in trimmed forward flight were satisfactory and remained unchanged by Ministab
operation.

"y

Static Longitudinal Stability

8.  The colfective-fined static longitudinal stability characteristics were evaluated
under thie condiions shown in table 1. The static longitudinal stability was
cevidenced by uft displacement of the longitudinal controi to maintain slower
airspecds from rim and ferward longtudinal displacement to maintain faster
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airspeeds Irom trim. The test results for Ministab ON (force trim ON and OFF)
and Ministab OFF are presented in figures 2 and 3, appendix E. The data show
that for all conditions tested, the aircraft static longitudinal stability characteristics
were stablc and independent of Ministab operation. Very little variation in
longitudinal stability was noted between level flight and climb, although a ncar
neutral static longitudinal stability was noted in autorotation. This condition was
not objectionable and the static longitudinal stability characteristics for the OH-S8A
helicopter incorporating Ministab are considered satisfactory.

Static Lateral-Directional Stabhility

9. Static latzral-directional stability characteristics were cvaluated under the
conditions sl:own in table 1. Figure 4, appendix E, shows the results of the level
flight test with Ministab ON, force trim ON and OFF.

10. The variation of directional control position with sideslip (left pedal for right
sideslip) indicated positive directional stability for all conditions tested. There was
essentially no difference in the static lateral-directional stability regardless of the
Ministab mode tested. Bank angle (roll attitude) gradicnts were in the proper
direction and linear, indicating satisfuctory side-force characteristics. Control forees
were qualitatively assessed as savisfactory throughout v ¢ sideslip envelope. The
lateral cyclic control gradient (effective dihedial) decr ased in left sideslips and
became ncutral at sideslip angles greater than 15 degrees (fig. 4, app E). This
condition was not considered objectionable and the static lrteral-directional stability
of the O-58A helicopter incerporating Ministab is considered satisfactory for all
conditions tested.

Mancuvering Stability

1. Muncuvening stability characteristics were evaluated under the conditions
shown in table 1. Figure S, appendix E, shows the results of the evaluation with
Ministab ON and OFF.

12, The O1-SBA mancuvering stability characteristics, as scen by the variation
i longitudinal control position with normal acceleration, were positive (aft control
with wmereasing load factor) for both Ministab ON and Ministab OFF flight
vonditions. Atthough the longitudinal ceatrol gradient did indicate a more stable
condition with Ministab ON (fig. 5, app E), the mode of Ministab operation had
cssentially no effect on the longitudinal control force gradient. An instability
(ncutral longiudinal force gradient) was noted at loead faciors above 1.3 with
Ministad ON. This instability caused increased pilot workload to maintain constant
ainspeed and the desired load factor. However, the inereased worklead caused by
the nstability was not comidered objecrionable. The maneuvering stability
charactenstics of the OH-$8A helicopier incorporating cither the RHC or Ministab
Jaxie systems indicate the aame trends of improving mancuvering stabilify over
the basic OH-SSA hicheopter. Direct comparison of the Ministab and BHC systeins
was not possible because of the different test <g and incorporation of a force
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trim system with a greater foree gradient for the Mimistab evaliation. Within the
scope of this test, the OH-58A helicopter incorporating tlhie Ministab 3-axis SAS
displayed satisfactory mancuvering stability characteristics.

Dynamic Stability

13. The long and short-ocriod longitudinal dynamic stability characteristics, in
conjunction with lateral-directional dynamic stability characteristics, were evaluated
at the conditions shown in table 1 and the results are presented as time histories
in figures 6 through 12, appendix E.

14. The aircraft long-period characteristics were evaluated with the Ministab cyclic
mode OFF (directional SAS only) and with attitude retention (force trim) OFF.
The results, as shown in figures 6 and 7, appendix E, indicate respective damping
ratios ($) of 0.166 and 0.128. No abnormal condition was noted with cither cyclic
SAS or attitude retention disengaged. An attempt to excite the aircraft long-period
oscillation with Ministab fully cngaged resulted in the aircraft mercly assuming
a new attitude and maintaining this aititude until the attitude-hold feature was
released by pilot control movement or force trim disengagement. The addition of
attitude retention, which is not incorporated in the BHC 3-axis SCAS, totally
climinates any aircraft long-period oscillation.

15. The short-period longitndinal gust response characteristics were moderately
danmped (€ 0.280) for all conditions tested, as shown in figure 8, appendix E.
Light to moderate damping of the short-period oscillations was also noted in the
Literal and directional axes (figs. 9 and 10). The short-period jongitudinal dynamic
characteristics of the OH-58A lhielicopter with Ministab installed are similar to the
lougitudinal dynamic characteristics of the OH-58A incorporavng the BHC 3-axis
SCAS, it that a damping ratio of 0.350 was noted for the BHC SCAS (ref 3,
app A). The long and short-penod dynamic characteristics for the OH-SSA
helicopter incorporating the Ministab SAS were satisfactory for all conditions
evaluated,

lo. The dynamic lateral-directional stability characteristics were tested in level
flight under the conditions shown in table 1. Results of these tests are shown
in figures 11 and 12, appendix E.

17. The standard OH-58A  hclicopter  with  Ministab  OFF  developed
lateral-directional  oscillations  following a  directional  control  input.  These
oscillations were maderately damped, as shown in figure 11, appendix E. The ame
directional control input with Ministab ON resulted in roll oscillations that were
heasily damped (f1g. 12). The increased dampiag in the lateral and directional axes
iunproved the dynamic  lateral-directional stability and enkanced the aircraft
capability  when perforning mission mancuvers pequiring constant-heading  Nlight
(HORS ). The fateral and directional damping provided by Ministab  was similar
to dampmg provided by the BHC SCAS when installed in the OH-S8A lclicopter.
The long and short-period longitudinal dypamic stability characteristics, 2s well
as the lateral and directional dynamic stability characteristics, for the OH-58A
lselicopter incorporating the Ministab SAS were sstisfactory for all conditions tested.




Controllability

18. The aircraft controllability characteristics werc evaluated at the conditions
shown in table 1. The test techniques and data analysis mcthods used are described
in appendix D. The results of the evaluation are presented in figures 13
through 18, appendix E. Table 2 summarizes MIL-H-8501A compliance and
table 3 compares OH-58A controllability with the BHC 3-axis SCAS to the OH-S8A

incorporating the Ministab SAS,

Table 2. Out-of-Ground-Effect Hover Control Power .}

Mode of Ministab
e rxis Direction MIL-H-8501A%
5 oN | oFF
Forward 1.8 1.8 4.7
Longitudinal
Aft 1.8 .8 4.7
Left 1.5 1.5 2.05
Hover Lateral
Right 1.5 1.5 2.05
Left 11.5 14.0 7.05
Directional
Right 6.0 12.5 7.05
Forward 1.2 1.9
Longitudinal
Aft 1.8 2.8
Level Left 1.5 2.3
- A Lateral NA
(50 KCAS) Right 1.5 | 2.2
| ——— =
Left 4.0 10.0
Directional
Right 6.0 11.0

'Control power: Pitch or yaw angular dispiacement (in degrees)
at 1 second resulting from l-inch longitudinal or directional
control step input, respectively.
Roll angular displacement (in degrees) at 1/2 second vesulting
from 1-inch lateral control step input.
‘Minimum values required by para 3.6.1.1.
2800 pounds gross weight was used to calculate compliance.
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Table 3. Out-of-Ground-Effect Hover Controllability Comparison.

j_ Hover Level Flight
| 1
i Kk fext PR seceied BHC Ministab BHC Ministab
! ScAs ON’ | sas oNn? SCAS ON* | sas oN®
: Forward 3.4 1.8 2.3 2.0
E Control power
Aft 3.7 1.8 2.5 2.0
Forward 6.2 4.0 3.5 2.0
Longitudinal Control response
alt 6.8 4.0 4.5 4.0
Forward 10.0 4.0 8.0 4.0
? Control sensitivity
{ Aft 1.2 4.0 8.3 4.0
! Left 2.5 1.5 6.3 1.5
Control power
Right 2.0 1.5 2.0 1.5
' Left 6.0 6.0 7.0 6.0
Lateral Control response
] Right 9.3 6.0 10.2 6.0
{
Left 24.0 12.0 28.0 12.0
Control sensitivity
Right 24.0 12.0 28.0 12.0
Left 19.8 11.5 10.3 4.0
! Control power
Right 19.5 6.0 14.0 6.0
% Left 26.0 20.0 15.0 7.5
i Directional Control responsc
E Right 21.0 16.0 23.5 10.5
$
F Left 51.0 25.0 45.0 12.5
Control sensitivity
Right 46.0 17.5 52.0 22.5
) n
1 Units:
i Control power: Lateral = deg/in. at 1/2 second.
' Longitudinal/directional = deg/i.a. at ! second.
A Control rcaponse: Deg/sec/in.
3 Control sensitivity: deg/sec/in.
‘- Average conditions:
1 ’Den:ity altivude: 2200 ft; groas weight: 2795 1lb; cg: aft (111.4 in.). 5
3 ‘Density altitude: 3050 ft; gross weight: 2770 ib; eg: fwd (107.5 in.).

‘Density altitude: 5880 ft; gross weight: 2730 1b; cg: aft (111.5 in.).
Soensity altitude: 6740 ft; gross weight: 2820 1b; cg: fud (107.7 in.).

e A ‘o




19. In a hover, the aircraft control response and sensitivity with Ministab ON
was less than for the basic OH-58A (figs. 13 through 15, app E), although aircraft
longitudinal and lateral control power appeared to be independent of Ministab
operation. Table 2 compares test values for aircraft control power and shows that
the lateral and longitudinal control power does not meet the minimum requircments
of paragraph 3.6.1.1 of MIL-H-8501A. Directional control power to the right with
SAS ON also failed to comply with paragraph 3.6.1.1. Although the requirements
of paragraph 3.6.1.1 were not met, the controllability characteristics of the OH-58A
helicopter incorporating the Ministab SAS were considered satisfactory.

20. During level flight the basir aircraft control power, response, and sensitivity
wis reduced with Ministab fully engaged (figs. 16 through 18, app E). A summary
of the results may be found in table 2. Differences betwecn aircraft controllability
in level flight with Ministab fully engaged and with force trim OFF (attitude
retention disengaged) were not present, duc to the fact that flight control inputs
made by the pilot activate a programmed cutoff in the integration circuit which
prevents attitude retenticn during maneuvers. Table 3 is 4 comparison of control
power, response, and sensitivity between the OH-S8A helicopter incorporating the
BHC 3-axis SCAS (ref 3, app A) and the OH-S8A with Ministab installed, Aircraft
controllability appecars to be less with Ministab than with the BHC 3-axis SCAS.
This reduction in aircraft controllability was nct noticcable to the pilot, and was
not considered detrimental to the aircraft flying qualities.

Autorotational Fntry

21. The autorotational entry characteristics of the Ministab-cquipped OH-58A
helicopter were evaluated from level flight at the conditions shown in table 1.
A representative time history is shown in figure 19, appendix E. The initial reaction
of the helicopter to sudden power loss was churacterized by left yaw and
near-constant roll and pitch attitudes. The damping provided by Ministab was
noticcable and reduced the yaw rate experienced, significantly reducing the pilot
effort required during recovery (HQRS 3). Recovery from the simuluted engine
failure in all cases was nccessary when the main rotor speed decrcased below the
minimum rotor speed, rather than by excessive changes in helicopter attitudes.
Within the scope of this test, the autorotational entry characteristics of the
Ministab-cquipped OH-58A helicopter are satisfuctory.

Mission Maneuvers

Hovering Characteristics:

22, The capability of the O1-58A helicopter with Ministab installed to hover IGE
and OGE was qualitatively evalnated at the conditions shown in table 1. The
hielicopter was hovered over a fixed ground reference with Ministab ON. and with
Ministab ON umd Yorce trim OFF,

L
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23. Hovering IGE and OGE over a fixed ground reference, with Ministab ON,
was characterized by ncar-constant roll and pitch attitude, requiring only small
attitude changes to stop translation of the helicopter. The cyclic control inputs
requircd to make these attitude changes were small, requiring minimal pilot
compensiation (HQRS 3). Cyclic control-free hovering (hands-off) could be
accomplished by proper trimming; however, wind effects could not be compensated
for to prevent translation from the ground reference point. This technique was
used only to demonstrate the stability provided by the Ministab SAS and has no
operational value. Longitudinal cyclic control movements with Ministab operational
were not required for collective inputs resulting in less than +10-psi (29 percent)
cngine torque changes. However, increased longitudinal cyclic control inputs were
required to correct pitch attitude changes resulting from collective inputs producing
greater than % 10-psi engine torque changes. These longitudinal cyclic control inputs
were not objectionable. In summary, the OH-58A helicopter precision hovering
characteristics were cnhanced by the addition of Ministab.

24, The helicopter heading was established by pilot dircctional control inputs.
Once the desired heading was established, further directional control inputs were
not required to muaintain the desired heading during constant-altitude hover
(11QRS 2). There wus no noticeable heading change with the cyclic and collective
control inputs required to maintain constant 1GE or OGE hover altitude. Collective
control inputs resulting in £ 10-psi engine torque changes, with no corrective
directional control inputs, caused heading deviations of +3 degrees from the trim
heading. The heading deviation could easily be prevenied when directional control
inpits were applicd, even though engine torque chunges were greaier than 10 psi.
The capabilily of Ministab to hoid heading within £3 degrees with power changes
of 10-psi (£Y pereent) engine torque is an enhancing fcature.

25, Constant-altitude,  left  and  right 360-degree  directional turns  were
accomplished in IGE hover over a fixed ground reference. Minimal pitch and roll
attitude corrections were required during exccution of the turn (HQRS 3).
Establishing the desired tum rate required directional control input in the desired
direction of turn and minimal pilot compensatior to maintain the turn rate
(HQRS 3). The attitude retention capability incorporated by Ministab, and not
available with the BHC SCAS, improved the hovering characteristics of the OH-S8A
hielicopter and a decrease in pilot workload was observed. Within the scope of
this test, the hovering characteristics of the OH-58A helicopter with Ministab ON
are satislactory,

26. The effi - of Ministab ON, force trim OFF, was to change the stability
augmentation = the helicepter from rate damping with attitude retention to rate
damping only wpp B). This change was very noticeable and required the pilot
to change his control technique from commanding attitudes to controlling rates.
Hovering with the force trim OFF was characterized by the requirement to make
snitll attitude corrections for external disturbances and for maintaining a constant
position over a ground reference. Pilot concentration was increased in all axes and
required muoderate pilot compensation by increasing control activity (HQRS 4).
Increased cyche controel movements were not noticed for the small collective
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movements required to maintain constant altitude. However, for collective
movements producing greater than +10-psi engine torque changes, pitch rates
would develop requiring longitudinal cyclic corrective inputs. This characteristic
wai not objectionable. The characteristics noted above werc qualitatively assessed

by the pilat to be essentially the same as for previous tests with a BHC SCAS
installed.

27. Hovering (1GE) turns (left and right, 360 degrees) over a fixed ground reference
with Ministab ON and force trim OFF were characterized by near-constant pitch
and roli attitudes. A turn rate was established by a directicnal control input in
the required direction and no further pilot compensation was required to maintain
the resultant turn rate (HQRS 2). Within the scope of this test, the hovering
characteristics of thc OH-58A helicopter with Ministab ON, force trim OFF, are
satisfactory.

Lateral Acceleration:

28. The lateral acceleration characteristics of the OH-58A helicopter with Ministab
installed werc qualitatively evaluated at the conditions shown in table 1. The testing
was conducted with Ministab ON. Acccelerated flight from a hover to the left was
smooth and required only small control inputs. However, as the helicopter reached
approximately 20 to 25 KTAS in left sideward flight, abnormally high vibration
levels were qualitatively assessed and increasing directional oscillations occurred.
The directional oscillations occurring in left sideward flight do not comply with
paragraph 3.3.2 of MIL-H-8501A. The heclicopter was apparently limited in
accclerated Night to the left by the inability of the Ministab to aid the pilot in
correcting the directional oscillations at these airspeeds. (The oscillations in this
flight condition are characteristic of the basic OH-58A hclicepter.) The directional
control inputs required cxtensive pilot compensation to control the directional
oscillations (HORS 6).  Accclerated flight from a hover to the right was
accomplished up to the 35-KTAS sideward airspeed limit ol the helicopter. The
helicopter vibrations remained normal and there was no tendency toward directional
oscillations during transition to the sideward airspeed limit. The complete right
sideward acceleration mancuver required minnnal pilot comnensation to control
the helicopter (HHQRS 3). Within the scope of this test, the exvessive helicopter
directional oscillation with Ministab ON at 20 KTAS in left sideward flight is a
shortcoming, This condition was degraded by discngagement of Ministab.

Vertical Displacement:

20, Vertical displacement mancuvers in the Ministab-cquipped OH-58A helicopter
were conducted trom g hover and in forward tlisht. The two inancevers evaluated
were the bob-up (hover) and pop-up (forward flight). The characteristics of the
hedicopter were qualitatively evaluated with Ministab ON.

30, The hovering characteristics for both IGE and OGE hover are described in
paragraph 23 of this report. The transition from stabilized 1GF hover to maxiraum
takeoft’ power vertical climb (bob-up) was casily accomplished. Minimal directional

13




control inputs were required to correct for the power increase (HQRS 3).
Throughout the climb, the pitch and roll attitude remained essentially constant.
Transition to the OGE hover required minimal control inputs in all axes to establish
the hover (HQRS 3). The ease of transition to vertical descent and the vertical
descent characteristics were essentially the same as the climb portion.

31. The constant-airspeed pop-up maneuver was characterized by cssentially
constant attitudes throughout its execution. The maneuver was easily accomplished,
requiring minimal corrective control inputs in the roll, pitch, and directional axes
for the largc power changes required to perform the vertical displacement
(HQRS 3). The improved level of stability provided to the OH-58A helicopter by
the Ministab SAS decreases pilot workload throughout the bob-up and pop-up
maneuvers and is an enhancing characteristic.

Terrain Following:

32. The terrain-foilowing flight characteristics of the Ministab-equipped OH-58A
helicopter were qualitatively evaluated over rolling desert-type terrain. The
helicopter was flown at an essentially co1. .t altitude (50 feet above ground level)
and at airspeeds of 50 to 90 knots indicated airspeed (KIAS). The Ministab SAS
wis ON during the cvaluation. The helicopter was stable in all axes and minimal
corrective control inputs were required for engine torque changes from 30 to
70 psi. Specifically, as the necessary power changes were made, minimal pilot
compensation was required to correct for collective to pitch axis coupling
(HQRS 3). In addition, these large power changes required minimal directional
control corrections by the pilot, such as are required in an unaugmented OH-58A
helicopter (HQRS 3). During constant-altitude and airspeed flight, the attitude
retention capability of Ministab, which is not available in the BHC SCAS, decreased
the pilot workload by reducing flight control activity. Within the scope of this
test, the stability augmentation provided by Ministab enhanced the terrain-following
capability ol the OH-58A hclicopter.

Ministab Stability Augmentation System Failures

33. A limited evaluation was conducted to determine flight characteristics during
forward, rearward, and hovering flight following a Ministab SAS failure. The
OH-58A liclicopter incorporates mixing of the lateral and longitudinal controls,
which generates simultancous lateral and longitudinal servo movement from pure
longitudinal control movenmwent. As a result, longitudinal SAS failures generate both
lateral and  longitudinal servo movement, although the aircraft expcriences
longitwilinal response only (figs. 20 and 24, app E). Test conditions are shown
in table 1 and test results in figures 20 through 27,

Forward Flight:

34. Forward flight SAS hardover tests were conducted during coordinated level
light and climbing flight (500 feet per minute). Helicopter reactions to longitudinal
hardovers were mild for both flight conditions. The pitch hardover (forward and

14
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aft) was charucterized by the helicopter obtaining a new attitude with no coupling
in the other axes (tig. 20, app E). Yaw axis hardovers were similarly mild and
characterized by the helicopter increasing sideslip angle approximately 14 degrees
opposite to the failure and with very little pitch or roll coupling (fig. 21). Recovery
from the pitch or yaw hardovers required the pilot to apply an opposite corrective
control input or disengage the affected SAS control (HQRS 4). Deiays greater than
3 seconds were possible before corrective action was necessary following a pitch
yaw axis hardover., Within the scope of this test, the Ministab SAS failure
characteristics in the pitch and yaw axes in forward flight- are satisfactory.

35. Roll axis SAS hardovers in forward flight were characterized by an excessive
roll rate in the direction of the hardover (figs. 22 2nd 23, app E). Additionally,
pitch axis coupling was present with nose-down pitching associated with left roll
hardovers and nosc-up pitching with right roll hardovers. High roll rates combined
with the pitch coupling required immediate corrective action to prevent an unusual
attitudc. This characteristic is unsatisfactory and would seriously degrade the
capability of the Ministab-cquipped OH-S8A helicopter to safely operate in
instrument meteorological conditions. Within the scope of this test, high roll rate
combined with pitch coupling associated with Ministab roll axis hardovers is a
shortcoming.

Rearward Flight:

36. Limited Ministab hardover tests in rearward light were conducted in the pitch
axis only (nose down). The results of USAASTA Project No. 72-20 indicated that
it could be possibi: to reach an alt longitudinal control limit if a forward hardover
were to oceur with a forward ¢g and when hovering downwind in winds excceding
15 knots, with o SAS having 10-percent actuator authority., The same report
indicates that the basic OH-58 helicopter has 5 percent longitudinal control
reniuning at 30 knots rearward 1light. Forward hardover tests with the Ministab
at rearward airspeeds of 15 to 20 KXTAE resulted in insufticient longitudinal control
to correct for the nose-down pitch attitude. The requirements of paragraph 3.2.14
of MIL-H-8501A were not niet, in that a 10-pereent control margin was not available
in 30-knot (KTAS) rearward flight. Within the scope of this test, insufficient aft
longitudinal control resulting trom o torward Ministab SAS hardover in rearward
flight is a shortcoming. The following CAUTION should be placed in the operator's
manual it OH-58A helicopters are equipped with the Ministab SAS.

CAUTION

Hovering downwind with Ministab ON in winds in excess of
15 knots should be avoided with a forward cp. Insufficient aft
longitudinal control will be available if a torward longitndinal
SAS hardover oceurs.
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Hovering Flight:

37. Hovering flight SAS hardover tests were conducted in the pitch, yaw, and
roll axes and results are shown in figures 24 through 27, appendix E. Attitudes
and/or rates resulting from individual SAS hardovers were easily recognizable and
were not excessive. Recovery from the SAS hardovers during hover required only
that the pilot apply an opposite corrective control input or disengage the SAS
(HQRS 4). The helicopter exhibited no coupling of nonfailed axes with the axis
experiencing the hardover. Within the scope of this test, the Ministab SAS failure
characteristics in hovering flight are satisfactory.
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CONCLUSIONS

GENERAL

38, The following conclusions were reached upon completion of the Ministab SAS
evaluation:

a. Within the scope of this cvaluation, the handling qualities of the basic
OH-58A helicopter are greatly improved with Ministab instalied.

b. The cnhancing characteristics provided by Ministab were as follows:
(1) Improved dynamic lateral-directional stability (para 17).
(2) Improved precision hover characteristics (para 23).

(3) Heading-hold capability within +3 degrees during +10-psi (£9 percent)
power changes in IGE and OGE hover (para 24).

(4) Improved stability and reduced pilot workload during pop-up and bob-up
mancuvers {(para 31).

(5) Improved control and reduced pilot workload during terrain-following
(para 32).

¢. Comparison between the Ministab SAS and the BHC SCAS showed the
following:

(1) The mancuvering stability characteristics of the OH-S8A helicopter
incorporating cither system indicate the same trends of improving maneuvering
stability over the basic OH-S8A helicopter (para 12).

(2) The addition of attitude retention, which is not incorporated in the BHC
laxis SCAS, totully climinates any aircraft long-period oscillation (para 14).

() The short-period longitudinal dynamic characteristics of the OH-S8A
helicopter were similar with either system installed (para 15).

(4) The lateral and directional damping provided by Ministab was similar
to damping provided by the BHC SCAS (para 17).

(5) Aircraft controllability appears to be less with Ministab than with the
BHC SCAS (para 20).

(6) With the foree trim OF, hovering characteristics with the Ministab and
BHC systems were qualitatively assessed to be essentially the same (para 20).
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d. Three shortcomings were identified.

SHORTCOMINGS

39, The following shortcomings were identified:

a.  Excessive directional oscillations at 20 KTAS in left sideward flight with
Ministab ON (para 28).

b. High roll rate combined with pitch coupling following a Minista: roll
axis hardover at 95-KCAS forward flight (para 35).

¢. [Insufficient aft longitudinal control resulting from a forward hardover
in rcarward flight (para 37).

SPECIFICATION COMPLIANCE

40. Within the scope of this test, the stability and control characteristics of the
OH-58A helicopter with the Ministab 3-axis SAS installed failed to mect the
following requirements of MIL-H-8501A:

a. Paragraph 3.6.1.1 - Less than specified longitudinal and lateral control
power in a hover (para 19).

b. Paragraph 3.6.1.1 - Less than specified right dircctional control power
in a hover with SAS ON (para 19).

¢. Paragraph 3.3.2 . Excessive dircctional oscillations in 25-knot left
sideward flight (para 28). :

d.  Paragraph 3.2.1 - Inadequate aft longitudirai control remaining during
3J0-knot rcarward flight (para 36).

18
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RECOMMENDATIONS

41. If future consideration is given to operational use of the SFENA Ministab
E SAS, the identified shortcomings should be corrected.
3 42. The following CAUTION should be placed in the operator's manual for
OH-58A helicopters equipped with the Ministab SAS (para 36).
- ‘ CAUTION
Hovering downwind with Ministab ON in winds in excess of
= 15 knots should be avoided with a forward cg. There will be
= insufficient aft longitudinal control if a forward longitudinal
3 SAS hardover occurs.
o
|
=
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APPENDIX B. MINISTAB DESCRIPTION

GENERAL

1. The standard configuration OH-S8A helicopter was modified by adding a
boosted tail rotor system and a 3-axis Ministab system manufactured by the Societe
Francaise d'Equipements pour la Navigation Aerienne (SFENA) of France. The
system consists of a control panel, three interchangeable electrohydraulic actuators,
three interchangeable computers, and three control motion transducers. The three
electrohydraulic actuators are interchangeable in that the mschanical travel of each
may be adjusted to meet the manufacturer's specifications. The interchangeability
of the system computers is provided by calibrations peculiar to each sctuator of
the three control channels, the appropriate calibration being determined by the
wiring of the related connector for a given channel. The major components are
shown in figure | and a block diagram is shown as figure 2.

Figure 1. Ministab Major Components.
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CONTROL _PANFL

2.  The control pancl contains a power switch for applying primary power to
the system and two secondary switchcs for engagement or disengagement of the
cylic (longitudinal and lateral) and yaw channels. Ministab engagcment is indicated
by an illuminated control panel and by primary control switch position. The
secondary switches enable the selection of two-channel cyclic mode operation or
single-channel (directional) mode operation,

AT T T T S B T

ELECTROHYDRAULIC ACTUATORS

3. There are three limited-authority electrohydraulic series-type actuators
installed on the flight control linkages. The authority of each actuator is limited
to approximately *1) percert o the total pilot control authority. To provide
a positive safety featuic, the actuators are self-centering by built-in springs which
mechanically move the actuator to the ccnter position in the event of electrical
or hydraulic power failure. This feature also Icssens cyclic and directional stick
bump during systcin engagemcnt and disengagement,

CONTROL MOTION TRANSDUCERS

4. The control motion transducers are ir:stalled on the pitch, roll, and yaw axes
of the pilot's flight controls. These motion trznsducers measure physical movement
of the flight controls in each axis and provide an elcctrical signal to respective
; system computers which cut out the integration circuit or attitude hold, degrading
4 the system to a rate-sensitive system. A 2-percent flight control movement of the
E | longitudinal, lateral, or dircctional controls cuts out this intcgration circuitry, thus

allowing the SAS to distinguish displacements of the airframe that result from
{ pilot mancuvering commands from those caused by extcrnal disturbances. The
3 attitude-hold featurc is also cut out of the loop when forcc trim is disengaged.

SYSTEM _OPERATION

5.  The threc similarly constructed channels (pitch, roll, and yaw) are actuated
by an clectricul signal issued from three respective rate gyros. The rcsultant signal,
which is interpreted by one of thc three system computers, forms an angular-rate
term, in conjunction with an attitudc term (angular-rate integration). These terms
are amplified by a power amplificr and signaled to electrohydraulic actuators which
arc placed in serics with the primary control servos. The primary control scrvos,
which rceeive the final combined inputs from Ministab and thc flight controls,
transfer these commands to the control surfaces. Because the attitude-hold feature
would tend to lessen aircraft control power, three control motion transducers,
sensitive to any control motion ¢xceeding 2-percent total control travel, are
incorporated to cut off integration (attitude hold). The integration cut-off is
maintained unti! the rate term for the respective axcs falls below 1.5 degrees per
sceond,
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APPENDIX C. INSTRUMENTATION

Sensitive instrumentation was installed and maintained by the Data Systems Office
of USAAEFA. The following parameters were recorded:

i Pilot and Engineer Panels

Airspeed (boom)

! Altitude (boom)

,' Angle of sideslip

Rotor speed (sensitive)
Center-of-gravity normal acceleration
1 Free air tcmperature

i Longitudinal control position
Lateral control position
Directional control position
Collective control position
Total fuecl used

I Magnetic tape rccord counter
: Event record counter

Magnetic Tape Recorder

Longitudinal control position
Lateral control position

Directional control position
Collective control position

! Longitudinal control force

Lat:ral control force

Directional control force

Pitch attitudc

Roll attitude

Yaw attitude

Pitch ratc

Roll rate

Yaw rate

Altitude (boom)

Airspeed (booin)

Free air temperature

Angle of sideslip

Center-of-gravity normal acceleration
Rotor speed

: Stability augmcntation system positions (3)
Throttle position

ST S PR TR



APPENDIX D. TEST TECHNIQUES AND
DATA ANALYSIS METHODS

1.  The control positions in forward level flight were determined by trimming
the aircraft (bali-centered) at selected airspeeds and recording the control position
rcquirements. The results were used to establish compliance with MIL-H-8501A.
2. The collective-fixed static longitudinal stability characteristics were evaluated
by trimming the aircraft (ball-centered) in steady-heading level flight. Without
changing the collective control or power setting, the aircraft was then stabilized
at incremental airspceds greater and less than trim airspeed, using longitudinal
control only. The results of this test were used to cstablish longitudinal control
and ftorce gradicnts with forward airspeed. The test results were checked for
comphliance with MIL-H-8501A.

3. The static lateral-directional stability characteristics were  cvaluated by
trimming the aircralt to zero sideslip flight at the desired airspeed and rccording
thc control positions and roll attitude. Holding collective fixed, the aircraft was
then displaced to incremental sideslip angles on cither side of tritn and stabilized
in a steady-heading sideslip. The control positions and roll attitudes were recorded
at increasing sideslip angles up to the sideslip limit. The static lateral-dircctional
tests were used to determine the aircraft side-force characteristics, effective dihedral
and directional stability, and to verify compliance for each with MIL-H-8501A.

4.  Mancuvering stability characteristics were cvaluated to determine the flying
qualitics with SAS activated during maneuvering flight. The test was conducted
by trimming the aircraft in coordinated level flight at the desired airspeed and
performing windup turus, increasing the bank angle to achicve the aim normal
aceeleration or g loading. The collective control was held fixed at the level flight
trim sctting and the trim airspeed was maintained by allowing the aircraft to
descend., as necessary. The tests were conducted to the left with SAS ON and
OFF. The normal acceleration and longitudinal control force and position were
recorded to document maneuvering stability characteristics.

5. The longitudinal dynamic stability characteristics were cvaluated to establish
long and short-term response characteristics. To evaluate the long-term response
characteristics, the aircraft was stabilized at a trim airspeed and then displaced
cither faster or slower by desired increments, using longitudinal cyclic control only.
The controls were then returned to the original trim position and held rigidly with
a control fixture while helicopter response was recorded. Gust response or
short-period  response  characteristics  were  investigated by applying  1-inch
longitudinal control pulses both forward and aft for 1/2 sccond. Aircraft damping
during the long-period oscillations was derived using transient peak ratios, which
are related to the damping ratio by the following formula:

2




1/2

1

1 + -(mr - m°)1|' 2
1n(TPR)
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T
Where: Z

my - mp = Number of consecutive peaks (double amplitude)

DAm = r
TPR = Transient peak ratio A =%
m
The short-period dynamic lateral-directional éharacteristics were evaluated by

applying lateral-directional inputs independently in both directions for
approximately 1/2 second.

6. The Dutch-roll characteristics or lateral-directional dynamic stability were
cvaluated by executing a directional doublet and returning to trim. The results
were analyzed to determine the dynamic lateral-directional characteristics.

7. Aircraft controllability tests were conducted by applying single-axis step inputs
to the longitudinal, lateral, and directional controls, using a mechanical fixture
to obtain the desired control displacements. The step inputs were held steady until
maximum aircraft angular rate (control response) was recorded. The aircraft
maximum angular acccleration {control sensitivity) was mathcmatically derived from
the angular rate data. Two step inputs of increasing displacement in each dircction
were applied to cach axis to establish controllability trends. The control power
and damping characteristics during OGE hover were checked for compliance with
the requirements of MIL-H-8501A.

8.  The aniorotational entry or engine failure characteristics were simulated by
rapidly rciarding the throttle to the flight-idle position and holding all flight controls
fixed for 2 seconds, or until recovery was required. The tests were conducted with
Ministab ON,

W
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9. The lateral acceleration characteristics were investigated by first stabilizing
aircraft attitudes and power in a hover and then laterally accelerating (left and
right) by incrementally increasing bank angle and adjusting power as required, until
a vibration or control limit was reached.

10. The vertical displacement maneuvers consisted of bob-up and pop-up
maneuvers. The bob-up maneuver was conducted by performing a rapid takeoff
power vertical climb from a 5-foot hover to approximately 200 feet above ground
level (AGL), stabilizing in an OGE hover, and returning vertically to the S-foot
hover. The pop-up maneuver was a rapid vertical displacement from approximately
50 feet AGL and 40 to 50 KIAS (forward airspeed) to approximately 200 feet
AGL, stabilizing, and returning to the original altitude.

11. Ministab SAS hardovers were performed by using an elcctronic box equipped
with switches and dials for controlling duration and intensity of the simulated
SAS hardovers. Results of the test determined aircraft reactions to system failure
and requirements for recovery action.

21
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ADEQUACY FOR SELECTED TASK AIRCRAFT

OR REQUIREL OPERATION®

CHARACTERISTICS

DEMANDS ON THE PILOT
IN SELECTED TASK
OR REQUIRED OPERATION®

EXCELLENT -
HIGHLY DESIRABLE

Pllot compensstion not a factor for
desired  performance,

GOOD -~

L It
Satisfactory
Without
Improvement?

Tolerable Pilot
Workload?

DESIRABLE

Pilot compensation not a factor for
desired  performance.

FAIR -
SOME MILDLY
UNPLEASANT

Minimal pilot compensation required for
desired  performance.

MINOR Desired ‘ ¥ %
BUT ANNOYING e Iperiorm 3
SHORTCOMINGS SHORTCOMINGS pilot compensation.
MODERATELY ;
WARRANT ECTIONABLE Adequate performance requires considerable
o b pliot compensation.
IMPROVEMENT
Adeq perf ¢ requires extensive
ot mw‘la.clgi pilot compensation.
MAJOR Ad q perd not attainable with
ENCt i lerable  pidot P
DEFICIENCIES DEFICY ES Controllabiity _rot _in__guestion
REQUIRE MAJOR Considerable pilot compensation required
DEFICIENCIES fo. control.
IMPROVEMENT
MAJOR I puot I’ i quired to
DEFICIENCIES retun contyol,

Contzel will be jost during vome portion
of required operation,

IMPROVEMENT HAJOR
MANDATORY DEFICIENCIES

PILOT
RATING

PILOT DECISIONS

'Bawd Upon Cooper-asper Handling Qualities
Rating Scale (Ref NASA TRD-5153) And
Defiations In Accordame With AR 31{-28.

*iefoution  of RIQUIRED OPFRATION
tnwlees desgnation of Might phass and/or
wibphases  with accompanying conditions.

Figure 1. Handling Qualities Rating Scale.
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APPENDIX E. TEST DATA

INDEX

Figure Figure Number
Control Position Trimmed in Level Flight 1
Static Longitudinal Stability 2 and 3
Static Lateral-Directional Stability 4
Maneuvering Stability 5
Dynamic Stability 6 through 12
Controllability 13 through 18
Autorotational Entry From Level Flight 19
Stability Augmentation System Failure 20 through 27
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